Newton's Second Law states that force is equal to the mass of an object multiplied by its acceleration. More specifically, force is the mass times the instantaneous change in velocity over time of an object. By rearranging this equation, it can be determined that the time elapsed of the acceleration of an object is equal to the integral of the inverse value of the force relative to change in velocity (dv). In the context of real world application, this method can be used to calculate the time taken for a vehicle to accelerate from its minimum to maximum speed, given the values of torque output relative to engine rpms, transmission specifications, vehicle weight, and tire size. To demonstrate the viability of this method, the elapsed time of acceleration is calculated for a 2017 Ford GT with a torque-rpm curve containing 58 values. It is found that the resulting values are realistic when neglecting forces of friction and air resistance. The results obtained would be analogous to the values obtained through experimentation on a dynamometer, which allows the vehicle to be tested while stationary.
PROBLEM STATEMENT
The purpose of this paper is to calculate the amount of time it takes for a specific vehicle to accelerate to its maximum speed using information obtained from the engine's torque-rpm curve and the specifications of the vehicle.
MOTIVATION
The ability to calculate the time necessary for a vehicle to go from idle to maximum speed exemplifies the key relationship between engineering, physics, and calculus. From the perspective of the automotive industry, this problem is important because it shows the effects of a combination of a vehicle's engine, transmission, and tire radius on the performance at maximum output. By collecting data on a variety of engines and transmissions, this can then be used to choose the engine and transmission gear ratios best fit for the intended purpose of the vehicle.
MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
To calculate the elapsed time of the vehicle acceleration, the specific points of the torquerpm, differential ratio, gear ratio, vehicle weight, and tire radius must be obtained. First, the force at the rear wheels and vehicle speed must be calculated at each point on the torque-rpm curve using equations (1) and (2):
The force is calculated by multiplying the torque from the engine and the total ratio of the output of the wheels from the engine and dividing by the tire radius which cancels out the unit of feet and yields the force output at the wheels. The velocity is then calculated by multiplying the rpm by the radius of the tire and 2 . This is done to convert the value from revolutions per minute to radians per minute. Finally, this value is divided by the differential ratio times the ratio of the specific gear times 60 seconds per minute. The calculations result in the velocity of the vehicle over ground in feet per second.
Once the force output and velocity are calculated for each rpm listed, the force inverse must be calculated. Because the force is expressed in pounds force, the equation is simply 1 divided by the force multiplied by the weight over the acceleration due to gravity, gc. Once the force inverse (3) is calculated for each point, a graph must be generated of the force inverse relative to velocity for each value of rpm:
A solution to the problem is reached on the basis that force is equal to the mass of the object times the acceleration, treated as the derivative of the velocity:
By rearranging equation (4) and integrating it we obtain formula (5):
Taking the integral of the graph of the force inverse relative to velocity will result in the elapsed time of the acceleration of the vehicle. Because the curve obtained is not defined by a specific function, a method of estimation must be used to determine the value of the integral. Based on the curve, a right-Riemann sum will yield an overestimate while a left-Riemann sum will yield an underestimate since the overall slope is positive (see Appendix I and [1, Section 6.5]).
DISCUSSION
The vehicle selected for this paper is a 2017 Ford GT. The GT is a high-performance car with a 3.5L V6 with a maximum of 647hp and a 7-speed transmission. The total weight of the vehicle is 3,170lb and has a wheel radius of about 1.667ft. A torque-rpm/horsepower curve containing 58 data points is obtained from Automobile Catalog and used as the basis of all calculations (see [2, 3] and Appendix II). Below is the torque-rpm and horsepower curve: 1200  1400  1600  1800  2000  2200  2400  2600  2800  3000  3200  3400  3600  3800  4000  4200  4400  4600  4800  5000  5200  5400  5600  5800  6000  6200  6400  6600 lb-ft or hp
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The force output at the rearwheels and vehicle speed are then calculated relative to rpms and set on a graph of force relative to speed. For a better visual understanding, the calculations are made for each gear and expressed on the graph for each gear. 
Force Inverse vs Speed
The results obtained are rather realistic taken into consideration internal and external factors such as friction and air resistance. The results demonstrate the pattern in which a vehicle accelerates based on its engine specifications and transmission gear ratios as well as the difference in how each gear ratio affects the acceleration of the vehicle. As portrayed in Figure 2 and Figure 3 , the curve for each gear is very similar. However, each successive gear has a lower overall force output and can reach a higher magnitude of velocity. This demonstrates how each transmission gear ratio is selected to be used within a specific range of velocity to achieve a very high maximum speed while accelerating as much as possible.
It should be noted that the values in Figure 4 are not plotted starting from 0 for velocity. This is because under the minimum speed, the clutch on the vehicle is not fully engaged.
Therefore, a portion of the torque produced from the engine is not being delivered to the rear wheels. The maximum speed of the vehicle is also unrealistically high in magnitude because the calculations negate air resistance, external forces of friction (friction between the tires and the road), and internal forces of friction (friction between moving parts within the vehicle).
CONCLUSIONS AND RECOMMENDATIONS
The data concludes that the method of calculating the elapsed time of the acceleration of Any definite integral ∫ ( ) can be approximated by the corresponding Riemann sums. If we divide the interval [ , ] into n subintervals of equal length ∆ = ( − )/ , then we have:
where is any point in the k-th subinterval [ −1 , ]. If is chosen to be the left end-point of the interval, then = −1 and we have the left endpoint approximation:
If we choose to be the right end-point, then = and we have the right endpoint approximation:
The Trapezoidal approximation results from averaging the left and right endpoint approximations:
Simpson's rule for approximate integration:
results from using parabolas to approximate a curve = ( ). 
APPENDIX II

